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SECTION II.—GENERAL METEOROLOGY.

SOLAR DISTURBANCES AND TERRESTRIAL WEATHER.

By EwLswortn HunTinaTON, Research Associate in Geography.
[Dated: Yale University, New Haven, Conn., Mar. 7, 1918.]
( Continued from this REVIEW, April, 1018, p. 177.)

III. FaouLe AND THE SOLAR CONSTANT COMPARED

WITH BAROMETRIO GRADIENTS.
Faculz and barometric gradients.

As evidences of the sun’s activity, faculre and the solar
constant are presumably no less important than sun-
spots. Therefore before drawing any final conclusions
we may well study their terrestrial relationships in the
same way that we have studied those of sunspots.
Unfortunately facule are visible only near the margins
of the sun’s disk. Hence, although they are measured
as carefully as the spots, the data are far less complete.
Wae can, however, a]ﬁ)ly to them the method of quadrant
differences used in the previous chapters of this memoir,
since that method deals with the sun’s marginal portions.
Table 12 and figure 15 illustrate what happens when
there is a marked quadrant difference in the ?aculaa; that
is, when the area of the facule in the northwest plus the
southeast quadrants of the sun greatly exceeds the area
in the northeast plus the southwest quadrants. In fig-
ure 15 the dottedgine at the top shows the average daify
change in barometric gradients in the northern section
of the North Atlantic Ocean in respect to 34 days in 1907
when the solar facule showed maximum quadrant differ-
ences. The solid line has heen added for comparison.
It illustrates the same conditions in respect to 34 days
showing maximum quadrant differences in the umbrz.
The umbral line shows a marked maximum during the
time of solar disturbance. The facular line does the same,
but to a less degree. In general the facular line seems
to be shifted one or two days to the left of the other, It
is impossible to tell whether the facule really produce a
terrestrial effect or whether they appear to do so because

their area varies roughly in harmony with that of the
spots.

The remaining lines of figure 15 represent the baro-
metric variability during 1910-1913 in the northern sec-
tion of the North Atlantic before and after periods of
strong quadrant differences in the facule, and the aver-
age for hoth sections of the Atlantic for the five years
1907, 1910, 1911, 1912, and 1913. These lines as a whole
present little evidence of any solar relationship. In 1910,
to be sure, when sunspots were fairly numerous, the line
rises to a pronounced maximum at the end of the time
when the quadrant differences of the facule were high.
In this case, however, as in 1907, the effect may be due
to the sunspots and not to the facule. In 1911-1913
when there were almost no sunspots, the facule were
also reduced in numbers, but not to so great an extent
as the sunspots. Therefore if their quadrant differences
have any effect upon terrestrial weather we should expect
somesign of it. Nothing of the kind, however, is apparent.

Instead of beginning with the sun, asis done in figure 15,
let us begin with the earth. In figure 16, which is based on
Table 13A, the dotted lines represent the facular quadrant
differences before and after periodswhen the Atlantic Ocean
suffered an especially severe barometric disturbance such
that there was a marked flattening of the barometric gradi-
ents in the southern part of the North Atlantic almost coin-
cident with a marked increase in the gradients of the
northern section. These conditions are the same as
those described in relation to figure 8 [p. 140]. The lines
for 1907 and 1910 suggest a relationship between
faculee and storms. In ﬁlese years, however, sunspots
were fairly abundant and the apparent relationship of

.the facule may be due simply to their occurrence in
conjunction with sunspots. The years 1911 to 1913,
when faculee were relatively more abundant than sun-
slf)ot.s, although both were scanty, suggest no relationship
of any kind between the sun and the earth. Hence
whether we proceed from the éarth to the sun or in the
reverse direction it appears that so far as quadrant differ-.

TABLE 12.—Changes in barometric gradients grbpercmaga of normal in relation to dlzya of largest differences between the areas of the faculz in NW.{

. quadrant and NE.+SW. quadrant (see fig. 15).
Quad- Days before. l Disturbance, Days after.
rant dif-
ferences., g | 7 6 5| 4| 38| 2 1 1 2 | 3 [ 4 5 1 2 | 3| 4 5 | 6| 7| s
1907.
[ T 1,160 | 5 8 n 12 16 168 20 25 31 19 [} 1 34 81 23 27 14 11 11 7
Average, northern section........|........ 15.6 { 25.5{ 14.0 | 16.1 | 18,8 | 12.8 | 15.6 | 16.7 || 20.0 | 23.1] 20.3 | 12.0| O 17.2119.1 | 13.8 | 13.6 | 19.1 | 14.7 | 18.5 | 12.4
Average, southern section........|.....-.. 13.8 | 13.0 | 20.5 | 26.6 | 19.4 | 17.7 | 15.56 | 17.5 || 20.2 | 17.6 | 22.1| 3.0| O 17.2 | 17.4 {1 19.5 | 20.3 | 15.6 | 12,4 | 23.8 | 18.4
1910.
L T 660 8 11 12 12 14 19 20 20 30 11 3 2 30 27 25 21 13 12 12 9
Average, northem section........|-....... 17.7 | 15.6 | 12.7 | 13.6 | 15.8 | 13.9 | 13.9 | 16.3 || 18.4 | 13.6 | 15.2 | 11.0 | 19.5 || 20.8 | 17.7 | 17.8 { 13.8 | 13.90 | 11.2 | 13.0 | 17.2
Average, southern section........|........ 20.5]12.8| 10.8 | 16.4 | 15.0 | 18.8 | 21.2 | 20.3 || 17.6 | 22.0 | 21.0 | 7.9 ! 38.0 | 16.7 | 18,4 | 22.0 | 20.3 | 18.8 | 13.3 | 23.7 | 20.0
1911.
(ANOS . e cmriiine e 400! 9 9 9 11 12 12 14 17 a0 11 4 0 30 25 2L 19 12 10 9 9
Average, northern section........L....... 16.2 [ 10.8 | 12.8 | 11.4 | 16.7 {1 16,4 | 19.4 | 14.2 4 1.5 1 17.7| 7.5 0O 0 16.0 | 16,7 | 15.8 [ 17.5| 16.7 | 16.8 | 22,1 | 13.3
A verage, southern section........{........ 26.4 | 14.6 21,21 19.2 | 20.4 | 15.3 | 19.1 1 17.6 {| 16.8 § 13.8 | 18.0 0 19.1}112.5 ]| 21.4 | 11.1 | 20.1 | 17.6 | 17.2 | 14.2
1912
[0 T 10| 6 9 13 13 15 16 17 18 30 18 9 3 1} 30 27 21 20 13 13 11 7
Average, northern section........|........ 1.2 4.2 | 11.9 | 16,0 | 20,0 | 15,3 [ 19.6 [ 185 || 18.0| 8.8 14,3  |-.-... 14.8119.2 | 20.4 | 16,6 | 15.3 | 23.9 | 14.0 | 14.1
Average, southern section........[........ 15,0 | 21.5 | 21.4 | 13.1 | 17.5 | 24.9 | 8.0 13.1 || 14,9 | 17.1 17.8 |...... 13.4 | 19.2 | 21.7 | 23.4 | 16,9 | 13.7 | 18.4 | 19.7
1918.
[ 190} 6 8 9 10 12 12 19 30 17 [] 2 1 30 24 22 19 0 9 9 7
L S S
Average, northern section........[-....... 22.0(19.9120.2) 14.0 | 18,4 | 18.4 | 18.0| 21.6 || 21.9 | 20.2 14.7 15,8 | 16.8 | 19.3 | 19.3 | 16.4 | 15.4 | 24.0 | 13.4
Average, southern section........|........ 21.3{13.9{10.0) 9.7 |20.3| 14.9| 1.0 | 19.0 } 20.1 | 17. 1 20.0 18.0 | 13.7 | 12.0| 14.1 | 28.7 | 23.9 | 25.0 | 21.1
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ences are concerned facule probably are not important.
They may have another type of relationship as we shal
soon see, but that is a different question.
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Fi1g. 16.—Quadrant differences of faculz in relation to periods of special storminess in
the Atlantic Ocean, (See Table 13-A.)

Comparisons between solar constants and barometric
gradients.

Let us next compare the earth’s changes of weather
with the solar constant. This is done in Tables 14 and
15, and in figures 17 and 18. The method employed for
figure 17 is almost the same as in the previous tables and
diagrams, but differs a little because the figures for the
solar constant are not available for every day nor for
the whole year. For the years 1906, 1908, and 1909 1
have selected all the days, 76 in number, having a solar
constant of 1.950 or more, according to Abbet. For
each of these days the change of gradients in the northern
and southern sections of the North Atlantic Ocean has
been tabulated and also the change on each of the S pre-
ceding and the 15 succeeding days. This method puts
all the days with high constants into a single group,
no matter whether they are the first or later days of a
disturbed period. It also causes the gradients of some
days to bhe tabulated twice, since they fall before one
disturbance and after another. If the method were
applied to line A in figure 10, for instance, it would
cause the maximum to occur on the day corresponding
to the zero of figure 16. The maximum would not be

TaBLE 13A.—Quadrant difference of faculw in relation to periods of marked barometric disturbance in Atlantic Qcean involving either low gradient or a
sudden decrease of gradients in southern part accompanied or closely followed by a great increasc in strength of gradients in northern. part (see fig. 16).

]
Days preceding barometric disturbance, i Duys following barometriv disturbance. Num-
Year. ; ber of
10 9 8 7 [] 5 4 3 2 1 0 . 1 2 3 4 5 6 7 8 9 10 days
I
|
2,000} 1,971{ 1,768 2,079] 1,671 1,717| 1,747] 1,835 1,867| 1,504l 1,673 | 2,329( 2,013 1,520| 1,214 1,795( 1,636 1,665 1,758 1,613 1,931| 20
8771 9341 686 850! 776 959| 1,188( 085| 1,210 1,145| 1,366/ 998| 996/ 927| 1,019 942 819 603! 1,035 1,242( 1,002 25
5801 605| 647 542 601 524 572 564 563 531 466 6311 545 411 537] 495 592 507 468 58 26
380 665 272! 823| 308 217] 154{ 315{ 363 260! 307 ot5| 403|351l sos| asil 402t 354 418 459) 357 21
167) 220] 204f 169( 201] 201] 146 205 196 247 221i 2021 231( 2401 243 177} 197 207 228 21} _ 188 14
Sums. . .ceceneeniianinnninanean.. 4,013| 4,285 8,577| 3,963} 3,646/ 3,618| 3,768| 3,912{ 4,200| 4,028 4,098i 4,270| 4,274 3,592| 3,255 3,832 3,540] 3,421) 3,936 3,993i 4,111 129
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TasLe 13B.—Total areas of facule in relation to periods of marked barometric disturbances in Atlantic Ocean involving either low gradients or a
decrease of ts in southern part accompanied or closely followed by a great increase in strength of gradients in northern part.

Nore.—This table is not illustrated by a diagram because it adds no new idea. In

degree—are usually numerous at about the time when barometric disturbances are ospecla%ly marked.

eneral it confirms the idea that facul® as well as sunspots—but to a less marked

Days preceding barometric disturbance. Days following harometric distarbance. Num

Year, ber of
wiol|ls}7|{e | s | 4|3 |21 o] 1| 2]|3}4]s5]|6] 7] s]| 9|10 [d8Fs

5,479 5,674 5,4- 5,640( 5,524 5,149| 5,810 5,444 5,683| 5,586 5,849 5,791| 5,525 4,995| 5,045 5,610( 5, 828 5,833 5,424 5,440f 5,734 29

-.| 2,481} 2,2301 3,256( 2,664 2,515| 2,433 2,521} 2,410 2,704| 2,719) 2,744 2,649 2,609( 2,020 2,781 2,532 2,512| 2,364] 2,725( 2,760| 2,590 26

966 1,0401 1,006 1,146} 1,061} 1,019 1,031] 995| 1,117] 1,089 1,145(| 1,076] 1,057 1,053 987 1,0221 948 1,108} 1,005 1,174 1,083| 26

508 4 501 361 2800 253 33 4 363, 334 371 409 437 511 523 S7dl 5590 5840 534 584 2

208 271 240 212] 211 227 167, 21 207 247 236 314 230, 2107 221 242 273 25 276 221 257| 27

SUMS..c.ureencenrannmacacacnan. 0,562 9,811| 9,470|10,163| 9,672 9,108 9,582i 9, 419(10, 171{10, 004110, 308||1¢), 20110, 010{ 9, A45( 9, 548| 9, 920(10, 135|ll).097 10,084]10,120(10, 248) 129

TaBLE 14.—Changes in barometric gradients in relation to days having a solar constant of 1.950 or more (see fig. 17).

Northern section of North Atlantic,

Year. Days before high solar constant, Days after high solar constant.,
8 7 6 3 4 3 2 1 0 1 2 3 4 5 L] 7 8 9 10 11 12 13 14 15
1006, . oeineeao. 409 433 | 317} 470 | 267 | 333 | 377 | 3%9 389 443 | 456 | 423 | 433 | 426 | 457 | 401 ] 421 | 405 | 389 | 461 471 | 400 | 382 418
.. 655 | 674 632 441 | 504 ( 506 | 472 ( 500 485 523 | 602 4571 597 44% ) 558 539 585 ( 696! 688 | 544 ) 5041 553 | 56B 663
281 ) 231 289 ) 275) 305 330 206 | 318 194 208 | 234 | 330 253 193] 313 | 313 | 334 | 251 IR5| 251 | 288 281 | 311 227
Total.cuvveannn- 1,345 |1,338 (1,238 [1,1%6 (1,166 (1,169 {1,145 {1,207 |{t,06% (1,174 (1,202 (1,210 |1,2%3 {1,067 |1,33R |1,253 (1,340 |1,352 |1,262 1,256 (1,263 ;1,243 11,259 | 1,308
Mean="Total+76...... 17.7{17.6 ] 16.3 | 15.6 | 15.3 | 15.4 | 15.1 | 15.9 (| 14.1 || 15.4 | 17.0 | 15.9 | 16.9 | 14.1 [ 17.9 | 16,5 | 17.6 | 17.8 | 16.6 | 16.5 | 16.6 | 16.3 | 16.5 | 17.2
Southern section of North Atlantic. Y
Year.
8 7 [ 5 4 3 2 1 1} 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
423 | 502 | 4261 435 592 | 583 | 359 | 517 475 488 | 485 | 664 | 478 | 441 | 513 | 616 517 | 525 608 ( 536 | 301 | 448 | 576 461
709 630 665 605| 508 | 5907 659 | 555 573 632 574 | 556 653 ) 704 500 586 ) 593 | 621 611 | 617 | 715| 762 502 634
371 | 286 | 263 | 225 | 268 | 383 238 | 277 332 374 204 301 257 305 328 356 | 313 | 311 219 | 243 | 353 | 401 | 328 338
Total........... 1,503 {1,427 {1,354 (1,265 (1,459 (1,556 [1,256 1,349 (1,380 {11,494 1,253 11,521 {1,388 [1,450 ]1,350 1,557 {1,423 )1,457 1,438 [1,396 |1,360 {1,612 /1,406 | 1,433
Mean==Total+76...... 19.8 | 18.8 | 17.8 | 16.7 | 19.2| 20.5 [ 16.5 | 17.7 || 18.2 || 19.7 | 16.5 | 20.0 | 18.3 | 19.1 | 17.8 | 20.5 | 18.7 | 19.2 | 18.9 | 18.4 | 18.0 | 21.2 | 18.5 | 18.9

TaBLE 15.—Departures of barometric gradients from normal in the North Atlantic Ocean in relation to days with high and low solar constants in the years
1906, 1908, and 1909 (see fig. 18).

SOUTHERN SECTION.

F 2
High constants. ..
Loweonstants...........cceaiiaiiaaan

ay 0l8345378.91011151814151617‘18‘199021293334
High constants -.|—2.6/—2.3|—1. 7|—0. 1{4-0. 7|4+0. 6|+ L. 4|+2. 1 +1. 7|+0. 7|—0. 6{—0. 81+0. 4|-+-0. 4{+0. 2/ —0. 1| —0. 1}+-0. 5!—0.3| -2.0|—2.2—2. 1 —1. 4|0, 6
Low constants. -+ .4+2.5]41. 8+1. 3{40. 8| +0. 5{+0. 6| —0. 3|— 1. 2|—2. 1|—2. 6{—1. 5| 0. 7|—0. 9| —0. 6 +0. 3| +0. 8(+0. 2! +0. 9;-+0. 4/+0. 3 —0. 7| —1. 5L 1|4+0. 3
DAY eaimiiaiiaaanans 25 196 | 37 | 28| 290 | S0 | 51| 82|33 | 34|86 || 37|38} 89 | 40| 4t | 42 | 43| 44 46 | 48 1 47 | 48 | 49
High constants. ... ........ -.-.|-0.7]—1.0/—0. 6]—0. 7 0. 7|—0. 4{—0. 3(—0. 1|4-0. 7|+ 1. 0{+0. 4| +0. 3|4-0. §4-0. 7{+0. 2{+0. 3|+ 1. 8{+2. 9(+2. U] +0. 6{+L 2/ 4-2.3{+2. 2|+ L. 6|+ 1. 1
Low eomstants. cc.ovonnrenreerannnenanns +1.20 0.0—L 4—1. 1/4+0.3+1. 2]+0. 5| —1. 2/ —1. 31 —0. 7]—1. 2| ~1. 6/—0. 20+ 1. 3| + 1. 4] +-0. 8§ 4-0. 5{+0. 6/4-0. 8+ 1. 2|+ 1. 0{+-0. 4/ +-0. 1] 0.0(—0.3

8o high as now and the decline on either side would be
more gentle. Nevertheless, the evidence of relation-
ship between the sun and the earth would be as unmis-
takable as now and there would appear to be an imme-
diate terrestrial response to solar changes. :
According to the method here used a good many days
of high constants are tabulated among the days preced-
ing and following high constants. They tend to mini-
mize whatever relationship may exist, but do not wholly
obscure it. All the days of reference are characterized
by high constants, whereas among the other days a

smaller number is thus characterized as the interval
before or after the day of reference increases.

In figure 17 the solar constant as thus tabulated seems
show a possible relation to terrestrial weather. The
relation is, however, quite different from that of sunspots.
Provided they aresmoothed, thelinesforboth the north-
ern section of the North Atlantic, A, and the southern sec-
tion, B, are at a minimum either on the day of thehighest
From that time onward

to

solar constant or the day before.

they rise irregularly for 8 or 9 days. S !
average for hoth sections of the North Atlantic, begins to

Line C, showing the
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F1G. 17—C in barometric jents in the North Atlantic in relation to 76 days

with solar constants of 1.950 or more, in 1906, 1908, and 1909, (See Table 14.)
B, Southern section; C, both sections; 4, Northern section.

rise on the day when the solar constant becomes high.
If it were possible to obtain more complete figures of the
solar constant, the line would doubtless smooth itself
out. Just where the line would reach a maximum is not
evident, perhaps on the 8th day after the high constant,
but possibly not till later. H%)YWever this may be, the
%(:neral conclusion is clear. High solar constants during

e years in question were followed by a slow but steady
increase in the strength of the barometric gradients.
The effect is apparently the same as that of an increase
in the number of sunspots except that it acts more
slowly. We may perhaps comga.re the temperature
effect to the slow gentle rise of the tide, while the sun-
spot effect is like the shorter and more violent waves
raised by the wind.

The relation of thesolar constant to barometric gradients
is illustrated in a slightly different way in Table 15 and
figure 18. In preparing these the days for which solar
constant observations are available in 1906, 1908, and
1909 were divided into three approximately equal grou
for each year on the basis of the solar constant. ng
groups- with the hi%ilest and lowest constants, respec-
tively, were used as the hasis for tabulating the departures
of the barometric gradients from the normal in both
sections of the North Atlantic for a period of 50 days
after the days of high or low constants. The smoothed
results appear in the upper four lines of figure 18. In
the lower part of the ﬁfgure the two sections have been
combined. The lines for high and low constants are

MONTHLY WEATHER REVIEW.

JUNE, 1918

here referred to different zeroes in order that they may
stand out clearly. In general both sections show the
same features, but these are much stronger in the north
than in the south. From the lower solid line, E, it is
clear that after days of high constants there is a steady in-
crease in the variability of the weather in the North Atlantic.
This culminates in 8 or 9 days, after which there is a slow

decline. Low constants, F, on the contrary, ave followed
by a decrease in the variability of the weather. This cul-
minates in 9 or 10 days.
DAYS AFTER HIGH OR LOW
SOLAR CONSTANT
o] Lo} 20 30 40 50
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FiG. 18.—D§gartures of barometric gradients from normal in the Atlantic Ocean after
¥s of high solar constants and low solar constants, 1906, 1908, 1909.
...... low solar constants. ——— high solar constants. (See Table lk.)

' W

j L}
NI WS TS e

sasa g

Both curves in the lower part of figure 18, but especially
the one for high constants, show an upward tendency in
their right-hand portions. Much if not all of this is due
to the fact that this particular diagram represents an
early stage in the present investigation. It is based on
the actual indices for barometric gradients as obtained by
counting intersections of isobars with the degree net. The
numbers thus obtained were not reduced to percentages
of the normal. From midsummer onward, which happens
to be the period when most of the solar constant observa-
tions are made, the gradients incresse in steepness.
Therefore during a perio%'of 50 days the amount of changs
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from day to day is bound to increase because of the
increasing severity of the season. Hence for our present
purpose the general rise of the lines in figure 18 has no
significance. The sudden initial rise of the solid lines and
fall of the dotted ones, however, are highly important.
They indicate an important relationship between the
sun’s thermal radiation and terrestrial atmospheric dis-
turbances.

Relation of faculz to the solar constant.

Let us now turn back to the facule once more. They
are generally agreed to be hotter than the sun’s general
surface. Hence, they would be expected to produce an
effect similar to that of the solar constant. en they
first appear on the sun’s ma.rg'n, however, their effect
would be slifht, just as the effect of the rising sunm is
slight. If the faculw retain their heat sufficiently long,
as they Proba,bly do, they would send the maximum
supply of heat to the earth 6 or 7 days after their
first appearance; that is, when they are near the sun’s
center. Thus at that time they would cause a high
solar constant. We have seen that high gradients
occur about 9 days after high constants, Therefore 9
days after abundant facule reach the central meridian
and about 16 days after they are visible on the sun’s
eastern margin we should look for high gradients.
Table 16 a,nﬁ figure 19 show that this is almost what
occurs. The table and diagram are based on the year
1907, which had abundant sunspots, and 1910-1913,
which had few. The method of tabulation is like that
already described; that is, after each period of abundant
facule only those days are included which occur before
another period of abundant facule arrives to confuse
matters. Unfortunately the number of periods for which
the full quota of days is available is small, as appears in
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the table. For the entire North Atlantic, as appears in
figure 19, th(:]ﬂ'mdients reach a slight maximum 5 days
after the fac have become abundant on the eastern
edge; that is, when they are close to the central meridian.
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Fig. 19.—-Chan%:s in barometric gradients in northern section of the North Atlantic,
in relation to faculz on the sun’s eastern margin. (See Table 16.)

A stronger but relatively slight maximum appears on
the sixteenth and nineteenth days. This is quite closely
in accord with what would be expected theoretically. Since
it is preceded by a minimum on the ninth day, however, its
importance is probably not great. So far as any con-
clusion is possible, we may say that the facule tend to
show a delayed and inconclusive relationship to terrestrial

TasLE 16.—Changes in baromelric gradients in relation to days wher(t theﬁtotal )area of faculz on the sun’s eastern margin amounts to 150 or more
see fig. 19).

Days !';‘mﬁ:'fnd“t Days after abundant faculse,
1123 |41 |2]|]3|4|5)|)6| 7! 8|9 |10|11 12|13 |14]15}16 |17 |18 )19 |20 21|22 |23 24
1907.
Number of cases.......... 37| 14 [ 3 36|20{23 | 22{19|17 |16 | 13]12|11}11)|10]| 9 7 7 5 5 1 3 : J (RPN PR RN P,
Average change in north-
ern section............. 17.2] 21.0{ 13.0] 34.3|| 18.7] 20.8| 12.6] 23.5| 15.1| 14.3| 17.0] 20.2( 15.8| 14.6| 18.4| 15.4| 16.8{ 18.0| 9.7| 33.2| 14.8| 13.0] 10.3] 4.3(.....[.....|.....[.....
Average change in south-
ern section............. 16.4] 14.0| 22.0 20.3|| 18.5| 21.5] 22.0{ 17.0| 18.3( 13.9| 24.1| 22.4( 11.5{ 10.0| 15.4| 16. 4| 29.9| 19.7| 26.6} 25.4] 30.2{ 24.3| 21.0] B8.0f.....|.....|.....].....
1910.
Number of cases.......... 2] 8 5 3 20 | 24201 18| 1514 | 13 (13|13 |12 |12112| 10| 8 8 7 7 6 6 6 5 5 5 3
Average change in north- N
ernsection............. 18.7) 9.0| 23.2; 32.3|| 14.5; 21.}{ 13.1j 18.1] 13.5! 16.6| 14.4; 17.5| 15.9 14.0( 17.7 16.3{ 16.1] 10.5| 16.0| 13.0( 19.2| 11.2| 20.0{ 10.0| 18.6| 14.0( 11.4; 17.3
Average change in south-
ernsection............. 16.7) 30.1} 17.2) 24,0|| 18.7| 22.4] 23.0| 16.9] 16.2] 23.2| 16.6 23.8| 16.4| 20.0| 18.3] 16.0| 14.6| 11.2] 11.5| 19.0( 11.3| 26.6| 23.2| 31.0 16. 4| 18.0/ 20.6| 12.3
1911.
Number of caseS..........{ 27 [ 11 8 e 27 | 24|21 (16|15 15| 14|14 |3 (11|11 10|10} 9 9 7 [ 5 5 [ J0 PR (RN PR P,
Average change in north-
ern section. ............ 19.4) 10.2( 19. 1] 19.1({ 15.8( 18.1] 16.1 17.4| 18.2| 11.8 18.9 13.3| 27.4| 20.8( 18.5/ 17.6( 15.3{ 22.4{ 28.6/ 20.4( 19.3( 19.8( 33.2{ 15.0.... {.....[.....[-....
Average change in south-
ern seclion............. 11.7) 24.9] 13. 4] 12,6/ 13.1( 11.3] 12.8| 16.6] 18.9] 14.7| 14.8| 16.0] 12.5| 17.6| 17. 4| 12.2| 11.2| 15.6] 17.4| 23.6] 12.0 16.0| 18. 4| 13.8)_ .. | ... |....|---..
1912,
Namber of cases..........| 27 | 13 7 [ 27 |24 (23| 23 23 | 21| 10| 18| 18 [ 16 | 13 | 12 9 9 8 [ [} 6 6 [ [ 5 5 X 1
Average change in north- !
ern section............. 18.6 10.2} 14.3] 19.8]( 17.2| 17.0[ 17.1] 13.6] 16.7| 22.8] 11.7| 15.3] 15.2| 18.7| 25.2| 13.2| 19.2| 16.4| 13.6[ 18.2( 20.7| 17.7| 13.8| 15.3| 18.5( 11.0{ 13.0 17.8
Average change in south- i
ernsection......_...... 16.9} 11.5 21.5] 13.5(| 15.5) 21.7| 21.1f 23.4| 20.8| 17.3] 18.7| 19.9| 22.6| 12.9| 18.2( 16.6( 22.8{ 19.9( 16.9] 13.7) 7.8 23.8( 20.1{ 21.6( 9.0{ 23.0] 13.6, 20.8
1013.
Number of cases..........| 28 | 10 4 5 28 | 24 (21121191818 (17 ]| 16 ;14 13|12 | 8 7 7 [ 6 6 2 2 2 2 2 2
Average change in north-
ernsection............. 21.3 15.0{ 24.3| 20. 6| 16.5| 15.6| 17.3] 14.8] 19.1] 19.8} 20.1] 17.1] 13.9( 14.5| 18.3| 18.6| 18.4| 6.9( 15.6{ 17.7| 18.8| 18.0| 18.5! 46.5{ 25.5{ 17.0| 32.5 39.0
Average change in south- <l
ernsection............. 22,9 16.5) 22.3} 22.6)[ 18.3| 14.7 16.0' 17.8] 26.4| 23.2 17.3] 19.2) 12.1) 12.4] 12. 4| 14.8] 9.0| 19.3| 21.0| 15.5| 18.8/ 7.2) 3.5 16.0{ 6.0 19.0| 1a.o| 31.0
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weather. This is probably thermal, and may be con-
nected with the solar constant. It appears to be of a
different type from the relationship which seems to
connect sunspots and the weather,

IV. CORRELATION COEFFICIENTS.

Thus far, with the exception of figure 9 [p. 169], our
investigations have been limited to periods when either
golar activity or barometric gradients show extremes.
Let us now try the method of correlation coefficients,
which employs all the days no matter how much or how
little they may depart from the normal. It must be
clearly understood, however, that this method is pri-
marily of value in cases where two phenomena are con-
nected according to a systematic ratio such that when
one is plotted as abscissas and the other as ordinates the
resulting points form a straight line. There is no evidence
that any such conditions confront us at present. Not
only does the same solar cause produce different results
in different types of pressure areas, but there is a variable
period o dela/zli)etween cause and effect, several causes are
probably at work producinlg the same effect, and the sun-
8pots themselves are probably not a primary cause but an
indirect cause or else a result of some less obvious cause
which also produces barometric disturbances. In fact,
s0 many are the complicating factors that it will be highly
significant if the use of correlation coefficients leads to
any systematic confirmation of our conclusions, no matter
how small,

Nevertheless, the method of correlation coefficients is
8o exact that it will be worth while to use it. First, how-
ever, the reader should recall the reasons why only the
smallest coefficients can be expected even if solar varia-
tions are closely connected with barometric disturbances.
Some of these reasons have already been stated in con-
nection with a discussion of the conditions which prevent
the earth’s barometric variability from falling to a low
ebb even when quadrant differences a.ppa.ren':fy cease to
occur in the sun. The matter is so important, however,
that it will pay to think of it once more.

In thefirst place, the method of correlation coefficients
does not distinguish between the cyclonic and anti-
cyclonic conditions which succeed one another at frequent
intervals, even in regions of prevailing low pressure
such as the northern section of the North Atlantic
Ocean. The present investigation, like those of Hilde-
brandsson and others, seems to show that cyclonic
and anticyclonic areas have an inverse relation to the
sun. Hence when correlation coefficients are computed,
the two types of barometric conditions tend to neutralize
one another. Thus any coefficients ¥hich we may find
represent only the amount by which one type of pressure
prevails over the other.

In the second place, even at its point of origin, each
new barometric disturbance is superposed upon the
more or less vigorous remnants of previous disturbances.
Some of these disturbances may have been associated
with solar conditions which prevailed one or two weeks
before. - Moreover, a given disturbance can rarely be
measured at its inception. According to the method
employed in this paper, it may be measured only on its
day of origin and may then disappear beyond the eastern
side of the map, or it may be measured on its day of origin
and for two to eight days afterwards as it crosses ghe
map, or it may not be measured till several days after its
origin, when at last it enters the area of the map. Any
attempt to obviate this difficulty by selecting only the
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disturbances arising immediately from solar activity
would involve the element of human judgment to such a
degree that the results would be worthless. As the matter
now stands, the element of human judgment in this
particular phase of the problem is eliminated, although
at the cost of greatly reducing the real coefficients.

A third reason why the method of correlation coeffi-
cients can not be expected to give striking results is
the fact that barometric disturbances are due to man
causes. Some of these are terrestrial. They include
volcanic eruptions, forest fires, the heat sent out by
great cities, periods of cloudiness, heavy rain, coatings
of snow, and other meteorological “accidents. Far
more important than this is the great basic fact of
meteorology, namely the variation in the amount of
heat received on a given portion of the earth’s surface
because of changes in the sun's altitude both from hour
to hour and from season to season. By reducing our
barometric data to percentages of the daily normals
we have largely eliminated the effect of the seasons, and
have thus taken out the major correlation coefficient
between the earth and the sun. It has been impossible,
however, to eliminate the effect either of daily changes
in the sun’s altitude or of meteorological accidents or of
minor occurrences like volcanoes. These all unite to
conceal whatever correlation may actually exist between
daily barometric gradients and daily solar disturbances.

Finally, the correlation between the atmosphere and
the sun 1s reduced by solar conditions perhaps as much
as by terrestrial. In the first place, we have no assur-
ance that any one particular type of solar measurement
gives a true measure of the energy available for the
production of barometric disturbances. We have alread
seen that sunspots, the solar constant, and facule all
seem to show some relationship to such disturbances.
The relation of sunspots to terrestrial pressure seems
to be immediate, whereas high solar constants are
followed by high barometric gradients only after an
interval of 8 or 10 days. Facul®, on the other hand,
seem to show both an immediate and a delayed rela-
tionship, but in a weakened indefinite form. What-
ever may be the explanation of this apparently twofold
relationship, it must blur the correlation coefficients.
Moreover, the solar energy, no matter what its nature,
must be transformed into kinetic energy before it can
manifect itself in barometric pressure. In other words,
heat or some other type of energy must be transformed
into the kind of energy that moves the particles of air.
Such a transformation causes delay and is almost in-
evitably accompanied by the wasting of energy. Hence
it must cause still further reduction in the corgécients.

In view of these considerations we should not expect
high correlation coefficients between solar changes and
the earth’s atmospheric pressure even though the relation
is important. For example, with our present imperfect
methods it would be a Erea.t mistake to expect the coeffi-
cients to be anything like so large as those which Clay-
ton ! has found between terrestrial temperature at in-
land tropical stations and the solar constant. The tem-

ratures of the earth and the sun are so obviously in

irect relation to one another that in this case we should
expect a high correlation coefficient. Clayton finds that
the average temperature of five-day periods at Pilar, in
central Argentina, during the years 1913 and 1914 gives
the following positive correlation coeflicients when com-
pared with the solar constant for five preceding days.

1 Effect of short-geriod variations of solar radiation on the earth’s atmosphere, by H.
Helm Claylon. mithsoniap Institution, Washington, May, 1017,



June, 1918,

TasieE 17.
(Alter Clayton, op. cit., p. 6.)

Days following solar observations.... 0 1 | 2 3 I 4 b

(A) Correlation coefficient with max-
imum temperature............ +0. 41
(B) Correlation coeflicient with mean
temperature...........cc...... +0.07

+0.52 | 4+0.53
+0.27 | 4+0.35

+0.48 | +0.38
+0.35 | +0.28

+0.25
+0.14

As the probable error of the maximum in line A is
only +0.048, or less than one-eleventh of 0.53, the cor-
relation seems to be so strong as to be beyond question.
Clayton has confirmed this result by a similar study of
stations in other parts of the world. Hence it seems
fairly certain that changes in the sun’s thermal radiation
are soon followed by corresponding changes in the tem-
perature of the lower layers of the atmosphere. The
maximum effect occurs from one to three days after the
solar cause. )

In the case of so indirect and complicated a relation-
ship as that between atmospheric pressure and solar
changes we should expect the coefficients to be much
smalFer than in the case of temperature. For three
tropical stations Clayton found that during 1913 the
correlation between the solar constant and the pressure
was negative for five days after the days of solar observa-
tion, but was too small to be significant, as appears in
the first line of Table 18. In the other zones the coeffi-

TasLE 18.

(After Clayton, op. cit. p. 10.)

Days following solar observations.... 0 1 2 3 4 8
Correlation coefficient at 3 tropical

stations.. ..._........oooo...o. pl ...] —0.05 | —0.03 | -0.04 | —0.04 | —0.01 | —0.02
Correlation coefficient at 2 temperate

stations............ccoceuann pe ..... 40.09 | +0.10 | +0.12 | +0.13 | 4+0.13 | 4-0.08
Correlation cocfficient at 2arctie sta-

bOnS. oo +0.12 | +0.04 | £0.00 | —0.03 | —0.07 | —0.07

cients are a little larger than within the Tropics and
arrange themselves in the systematic order shown in the
last two lines of Table 18. ~These coefficients are small,
but in view of the complexity of the relationship and
the regularity with whic! theﬁ' arrange themselves they
probal%-lgf show a real relationship. .
When the same method is applied to the correlation be-
tween the sun’s quadrant differences for 1905 and the
barometric gradients of the northern section of the Noith

E‘f’-‘/__;i, the results

VIy

Atlantic, according to the formula r=

are as appear in Table 19.

1n this formula r is the ratio, or correlation coefficient; x is the daily
departure of the solar quadrant differences from the normal for the year;
a.ng y is the daily departure of the barometric gradients from the normal
for the day in question, with due allowance for the seasons as explained
in the early part of this paper (cf. pp. 125-126).

- TABLE 19.
Days before. Days after.
Days helore or after
solar observation. 4 3 2 1 0 1 2 3
Correlation coeffi-
clent..._......... —0.075 {—0. 125 |—0.128 |—0.105 |—0.054 |+0.043 (1-0.092 |+0.084

Probable error, 0. 05,
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The figures in Table 19 are of the same order as those
obtained by Clayton for his two stations in the Temperate
Zone. Theyarrangethemselveswithgreatregularity. The
maximum is found when a given solar condition 1s com-
p?red with the barometric gradients of the second day
after.

A comparison of the solar constant with the change in
gradients from day to day in the North Atlantic instead
%f lv;iit.h the actual gradients yields the result shown in

able 20.

TaBLE 20.
" Days belore. Days after.
Days helore or alter
solar observation.] 3 2 | 1 0 1 2 3 4
Correlation  coelli-
cient......uenenn. —0.020 |£0,000 |40.054 (+0.085 |4-0. 125 |40. 069 |40, 065 [+0. 026

Probable error, +0.05.

Here, as before, the coefficients arrange themselves
with great regularity, rising to a maximum on the first
day after the solar observations. This again agrees with
our previous conclusions. It suﬁgests that a given solar
condition causes a change in the barometric gradients
almost at once, so that this appears on the day in question
and reaches & maximum on the succeeding day. On the
second day after the day of solar observation the gradients
are strong or weak in harmony with the preceding solar
quadrant differences. Thus the conclusions drawn from
correlation coefficients are entirely in accord with those
drawn from other lines of evidence.

It might be supposed that a comparison of the baro-
metric conditions with the solar condition during several
preceding days would show a stronger relationship than
when the comparison is limited to one day. This is not
the case, however. When the quadrant differences for
successive periods of four days during 1905 are compared
with the barometric conditions of the last day in each
period the correlation coefficient for the actual gradients
i3 +0.099 and for the change of gradients +0.115.
Here, however, as in the other cases, the correclation
coefficients are consistent with our conclusions derived
from other methods, which indicates that they are prob-
ably of real importance.

Another reason for believing that these correlation
coefficients, though small, are of genuine significance is
found when they are compared with the coeflicients
between facule and barometric gradients. The facule,
like the sunspots, are reckoned in terms of quadrant
differences, and the same days are used as in Table 19,

above. The result, as shown in Table 21, is quite
different.
TaBLE 21,
Days before, Days after.

Days before or after

faculardifferences.| 3 2 1 0 1 2 3 4
Correlation coefli-

cient.............. —0.024] —0.023[ —0.018 +0.008| +40.006 —0.037|—0. 0018 +0. (02

Probable error, 3:0.05.

Here the maximum coeflicient is only one-fourth as
large as in Tables 19 and 20. Moreover, the coefficients
are not arranged systematically and are smaller than the
probable error. Thus they confirm our previous con-
clusionYthat_so far_as any immediale effect upon baro-
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metric gradients is concerned the facule are relatively
unimportant and probably owe their apparent effect
to their nearness to the sunspots. The fact that in this
case the absence of any evidence of a definite relationship
is so clear gives reason to believe that the other coeffi-
cients obtained both by Clayton and in this paper are of
real significance. Small as they are, they are larger than
would be expected in view of the many complicating
factors discussed on previous pages. Moreover, it must
be carefully noted that each of the two sets of eight
coefficients given in Tables 19 and 20, as well as ecach of
the other two mentioned in the text, is systematic, and also
completely in accord with the conclusjpns derived from
other lines of investigation.

SUMMARY.

The net results of the study of solar and terrestrial re-
lationships set forth in this paper and its predecessors may
be summed as follows:

(1) Sunspots, facule, and the scolar constant all appear
to show a distinct relation to barometric gradients in
the North Atlantic Ocean.

(2) The facule and the solar constant seem to show the
same sort of relationships. They act entirely in harmony
with the basal assumptions upon which the science of
meteorology is founded. Their relation to the weather
can be readily explained as the result of the varying
amount of heat received upon the earth’s surface from
the sun. According to Clayton, the maximum heating
effect in tropical regions is produced two or three days
after the corresponding solar activity. According to the
writer’s figures the chief effect on barometric gradients in
temperate latitudes does not appear until the eighth or
ninth day. Thus the time relationships seem reasonable.

(8) The relation between sunspots and barometric
gradients is not in harmony with the principles thus far
accepted by meteorology. In the first place, although the
effect of sunspots is apparently of the same order of mag-
nitude as that of variationsin &e solar constant, it reaches
its maximum with much greater speed. The apparent
delay is less than 24 hours. This seems too quick to
accord with the ordinary action of heat. In the second
place, the effect of sunspots in high—;i‘li(la_ssure areas is ap-
parently inverse to the effect in low. is seems to be con-
trary to what occurs when heat is the active agency, for
the northern and southern sections of the North Atlantic
Ocean appear to respond to the solar constant in nearly
the same fashion. much stronger piece of evidence is
the fact that spots on different parts of the sun’s surface
do not appear to act at all as weuld be the case as if they
emitted Il)leat. The heat of the sun’s surface must act
most strongly on the earth when the heat radiates from
the center of the sun’s disk. This appears to be the case
with the heat radiated by the facule. With sunspots
the reverse is true. When they are at the sun’s center
they seem to check the formation of atmospheric disturb-
ances upon the earth. When on the edges,however, where
heat would have a minimum effect, they act most vigor-
ously. Moreover, the spots upon the sun’s margins do
not produce an effect in proportion to their total area, as
Woufd be the case if they worked through the emission of
heat. On the contrary, a spet on one Fart of the margin
seems to balance a spot on certain other parts. Hence
the greatest effects are produced either when what we
have called the quadrant differences are at a maximum,
or else when the area of the spots on the margin of one
quadrant greatly overbalances the area in the other
quadrants.
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(4) In view of all these facts we seem to be led to the
conclusion not only that variations in solar activity are
among the prime causes of disturbances in the earth’s
atmosphere, but that these variations are of two kinds.
One kind is clearly thermal. The other kind may be
electrical or of some type not yet understood. The dis-
cussion of its nature is deferred to another paper.

Meanwhile a word should be added as to the present
condition of the great problem of the cause of weather
variations. With the appearance of Koppen’s final
work on sunspots and temperature in 1914 (q? it became
almost certain that no further research could alter his
original conclusion. That conclusion was that the earth
is re]atively warm at times when the sun is relatively
inactive. This is especially the case in equatorial re-
gions. At about the same time Abhot’s measurements
of the solar constant (2) made it highly probable that
when the sun’s surface is active the emission of heat is
g‘reater than when the number of sunspots is slight.

hus the meteorological world was face to face with the
anomaly of a warm sun and a cool earth. The present
author (3) has attempted to explain this by the hypothesis
that at times of many sunspots an increase in cyclonic
activity, which now seems to be well demonstrated,
causes a great amount of warm air to be carried upward.
There it dissipates its heat by radiation. This heat is
apparently drawn from equatorial regions more than
from others. This is partly because convection in the
shape of thunderstorms and hurricanes seems to be
especially active there during times of many sunspots.
Moreover, in the belt of ecyclonic storms most of the air
that rises in the midst of the more frequent cyclones of
periods with many sunspots is drawn from the equator-
ward side of the storms. Thus at times of many sun-
spots and a warm sun the earth’s surface is most cooled in
ecuatorial regions, less in temperate regions, and possibly
not at all in polar regions. When this hypothesis was
set forth in 1914 the chief difficulty seemed to be the
necessity of postulating some agency other than heat
in order to explain the increased cyclonic activity which
is supposed to carry away the increased heat received
from the sun.

After the present series of papers had been completed
in practically the present form, there came to hand the
admirable monograph of Helland-Hansen and Nansen.
(4) 1In this they discuss changes in the temperature of
the air and of the surface water of the North Atlantic in
their relation to ocean currents and winds. With com-
mendable thoroughness they show that, whatever may be
the case with variations of long period, the short varia-
tions of temperature measured in months do not appear
to be due to the movement of ocean currents. On the
contrary, the variations occur suddenly over large areas
instead of advancing progressively as would be the case
if they were carried by the water. In places like Scan-
dinavia it appears, moreover, that changes in barometric
pressure and in the temperature of the air over the land
slightly BII"ecede changes in the temperature of the surface
water. This is quite contrary to the usual idea that the
temperature of the water determines that of the land.
The detailed curves, however, scarcely leave room for
doubt. Finally in widely separated parts of the earth,
as Arctowski has well shown (5), and as the Scandinavian
authors show more fully, the same variations—even in
small details—are repeated synchronously. In other
e?ually scattered areas almost exactly the opposite types
of variations occur at the same time. Often an area of
one kind lies between areas of the other kind. Thus
Helland-Hensen and Nansen conclude that the earth’s
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surface, as Hildebrandsson has already shown (6), is
divided into positive and negative centers of action sepa-
rated by intermediate regions which may be of a tran-
sition type, or may be under the sway first of one center
and then of another. In these centers, apapj:;:'ently in
harmony with solar changes, there occur ost syn-
chronous changes of pressure as well as of temperature.
These changes are, apparently, common to all the centers
of action, but their character is reversed according as the
centers are positive or negative. The changes in pressure
appear to precede the changes in temperature. Another
noteworthy feature of the centers of action is that one
type suffers changes of temperature roughly in harmony
with the changes which occur in tropical midcontinental
regions and which are apparently due in good part to
variations in the radiation of solar heat. ’lghe final con-
clusion of our Norwegian authors is that changes in pres-
sure and winds which are presumably of solar origin,
generally precede changes in temperature and are on the
whole the more important subject of study.

This conclusion bridges the gap between the present
writer’s cyclonic hypothesis of variations in temperature
and the hypothesis of the present paper as to the effect
of nonthermal solar variations. Apparently these solar
variations follow a course roughly, but not strictly,
parallel with that of changes in the sun’s emission of
heat. Increased solar heat warms the earth’s surface in
certain regions, specially within the Tropics or in conti-
nental interiors where there are few clouds. This tends
to increase the rapidity of both oceanic and atmospheric
circulation. At the same time the seemingly nonthermal
energy with which we have been mainly dealing in this
paper, apparently causes an expansion of arcas of high
pressure and a consequent weakening of gradients 1n
their centers. This crowds the low-pressure areas and
thus in such areas strengthens the gradients. Perhaps,
as Veeder has suggested (7), these changes are due to an
actual transfer of parts of the upper air toward the centers
of high pressure. However this may be, the result seems
to be a remarkably quick readjustment of atmospheric
pressure. This is apparently followed at once by a
strengthening of the winds, and an increase in cyclonic
activity. Hence in the high-pressure areas the cold
upper air must begin to settle downward, so that the
temperature of the earth’s surface is lowered. In the
low-pressure areas, or at least along their equatorward
sides, an unusual amount of warm air must be drawn
inward. Thus the temperature rises, and the condition
of such places varies inversely to that of the centers of
high pressure. Ultimately the warm air is carried up-
ward so that the general temperature of the earth’'s sur-
face is lowered. is, however, does not happen until
certain areas have been warmed by the winds while
other areas are being warmed by the sun and still others
are being cooled by the descent of air from aloft. One
of the next great tasks of meteorologists would seem to
be to map the areas of these three types under different
conditions of solar activity.
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CORRIGENDA,

Part 1.—Page 127, legend for figure 4, the dotted line and the solid
line should be interchanged.
Page 129, lower margin of right-hand of figure 5, ‘‘increase”
should read ‘“‘decrease.’’
Page 139, column 2, line 14 from bottom, sentence beginning
“Let it”” should read ‘‘Let us.”
II.—Pa.gte(;gO, Table 8, column 1, third line, **1907* should read
L‘l ”.
Page 176, second line of note to figure 14, ‘‘sun ”’ should read
“sun’s”; at beginning of fourth line *‘from” should read
“of”, and *“*NS” in same line should read “NE”’,

LACUSTRAL RECORD OF PAST CLIMATES.

By CrARLES RoruiN Kxyes, Ph. D.

[Dated Des Moines, Iowa, July 14, 1917.]

It is not at all surprising that such apparent climatic
anomalies as the occurrence in arid regions of large
bodies of inland waters should call forth varied expla-
nations. At first glance interior seas seem to portend
former meteorological conditions that were fundamen-
tally different from those now existing. They even sug-
gest that they may be tell-tale clues to epochs when
greater humidity prevailed. In this regard the vast
extinet lakes of t e}éreat Basin of western North America
especially are the theme of warm and prolix discussion
on possible climatic changes in late geological times.
Whether or not ultimate analysis of recorded observa-
tion support the thesis of permanency of climate, rhyth-
mic alternation of climatic change, or variable and
irregular succession, it is quite certain that the tendenc
of opinion toward the middle course thus far finds
greatest favor.

When the sumptuous monographs on the vanquished
Great Basin lakes were written by King, hitney,
Gilbert, and Russell, such a thing as desert geology was
entirely unknown in the United States. Principles of
modern physiography were "not yet formulated. The
tremendous potency of eolic erosion under conditions of
aridity was unsuspected. On the other hand, the duality
of the Glacial Epoch was just beginning to receive cre-
dence, although its real multiplicity and complexity were
Ket undreamed. Since these new fields of investigation

ave opened up, old views are capable of something like
quantitative measurement, where before much was either
Egre fancy or unwarranted distortion to fit dimly out-
ined hypotheses.

Arid regions present as their most characteristic relief
expression innumerable shallow depressions. In a tract
of close-patterned orogeny as, for example, the Great
Basin, these broad depressions are usually coterminous
with the intermontane plains. -To the explorer fresh
from his homeland of humid climate the surface hollows
anea.r as potential lake basins. As a direct consequence
of desert erosion they are really not an expression of
drainage features at That some of them, under such
dry-climate conditions, should be actually occupied by
broad expanses of water is a wholly unexpected phe-



